were much lower than respiration rates. Thus respiration rates nearly balanced phytoplankton production. Light respiration rates were estimated from gross production minus net community production (-51 •-8 mrnol C m -2 d -1) and exceeded dark respiration. Plankton community respiration rates, corrected for autotrophic carbon fixation, were more than sufficient to account for the observed increase of DIC within the tracer patch.
Introduction
Plankton communities alter the dissolved inorganic carbon (DIC) content of oceanic surface waters through the processes of photosynthesis and respiration. In surface waters, DIC concentrations decrease if primary production rates exceed the combined influx of carbon from the atmosphere and respiration [Robertson and Watson, 1995] . In the North Atlantic tudes, few studies have been made in subtropical or tropical shelf environments where phytoplankton biomass and productivity rates are relatively low.
In April 1996 the Florida Shelf Lagrangian Experiment (FSLE) characterized the dissolved inorganic carbon system on the West Florida Shelf [Wanninkhof et al., 1997] . The main objective of the study was to quantify air-sea gas exchange rates in a subtropical shelf ecosystem. Since carbon dynamics on continental shelves are complicated by advection and mixing of oceanic, coastal, and riverine waters [DeGrandpre et al., 1998 ], the FSLE was designed as a "patch" study through the release of the intentional tracers sulfur hexafluoride (SF6) and helium 3 (3He) Vertical profiles of scalar irradiance were measured with a LiCor LI-193S 4• sensor lowered from the stem of the ship. A total of seven profiles were taken within 2 hours of local noon while the stem was positioned toward the Sun.
Gross and Net Production and Respiration Rates
Samples for production and respiration rates were collected from 2, 5, 10, and 20 m at four CTD stations (Table 1) .
Gross and net production rates are only available from three of the stations since the in situ array was lost on day 11 (productivity 3). Gross primary production rates were measured by the method of Bender and Grande [1987] Size-fractionated samples were collected from five depths convert net oxygen production rates to net carbon production, with a PQ of 1.1 to convert oxygen respiration rates to carbon equivalents [Laws, 1991] . Respiration rates in the light (RL) were estimated by subtracting the NCP rates from the gross •80 production rates following the procedure of Grande et al. [1989] .
Results

Pigment and Particulate Distributions
As discussed by 14/anninkhof et al. [ 1997] , the surface distribution of SF6 at 3, 7, and 11 days after injection revealed that the tracer field expanded in response to wind and tides ( Figure  6 ). Thus the plankton community in the tracer patch was characterized by rates of gross production that were almost balanced by respiratory losses, resulting in low rates of daily net production.
Ratios of dark respiration:net production are useful in assessing the ability of phytoplantkon to meet the respiration demands of the plankton community. The ratios of dark community respiration:net community production (DCR12: NCP12) during the photoperiod varied from a maximum of 2.25:1 on day 4 to a minimum of 0.9:1 on day 14. The mean ratio of DCR•2:NCP•2 for the three experiments was 1.5' l, indicating that the respiration demands of the plankton community exceeded the net production by phytoplankton. When the corresponding respiration and net production rates are compared from the 24-hour incubations, the mean ratio (DCR24:NCP24) declined to < 0.2:1. The sum of the mean 
Discussion
Our observations indicate that the FSLE study took place during the transition from a spring bloom to a microheterotroph-dominated community. During this transition, high rates of plankton respiration contributed CO2 to the mixed layer. This interpretation is based on the temporal pattern in chlorophyll a and phaeopigment concentrations, the particulate matter composition, and plankton production and respiration Table  III ]. In natural plankton communities, POP:Chl a ratios typically range from a minimum of 1:1 in eutrophic waters, where chlorophyll a concentrations are high, to maximum values of 5:1 in oligotrophic waters, where phytoplankton biomass is relatively low [Harris, 1986] . Thus the elemental composition of particulate matter suggests that at the termination of the spring bloom the particulate organic matter was predominantly associated with microheterotrophs; furthermore, the plankton community biomass may have been limited by phosphorus availability. The relative abundance of POC, PON, and POP in the tracer patch is similar to that observed in oceanic particulate matter as it sinks from the euphotic zone [Knauer et al., 1979; Bishop et al., 1980] . In the open sea, particulate matter is initially depleted of P, relative to C and N, as organic matter is recycled below the euphotic zone.
Production and respiration rates in the tracer patch support the conclusion that the plankton community biomass was predominantly heterotrophic with a high proportion of gross production consumed by respiration. Although phytoplankton biomass declined during the study, the phytoplankton community was actively photosynthesizing with gross production rates and assimilation ratios similar to those reported for the oligotrophic North Pacific Gyre [Williams and Purdie, 1991 ] . Ratios of DCR•2:NCPa2 in the tracer patch were high, at an average value of 1.5:1. In phytoplankton cultures the ratio of respiration:production is typically < 0.4:1 [Langdon, 1993; Grande et al., 1989] , and in temperate coastal plankton communities the ratio of DCR:NCP is low when primary production rates are high Grande et al., 1991] . On the West Florida Shelf, in contrast, dark respiration reduced gross carbon production by 90% (6 versus 69 mmol C m -2 d'l). Since gross production was an order of magnitude higher than net production, and photoautotrophs typically have DCR < NCP, the respiration data suggest as well that microheterotrophs dominated the plankton community metabolism.
In photoautotrophic organisms, light respiration reduces gross production through several metabolic pathways. These include (1) photorespiration and associated glycollate metabolism; (2) the Mehler reaction, in which oxygen is produced in photosystem II and consumed in photosystem I; and (3) chlororespiration, in which NAD(P)H is oxidized in chloroplasts [Beardall and Raven, 1990 ]. In phytoplankton cultures, light respiration (RL) typically equals or exceeds, dark respiration [Falkowski et al., 1985; Grande et al., 1989; Kana, 1990] , and in the tracer patch, RL was higher than dark respiration (Figure 6 ). The dominant photoautotrophs in the tracer patch were Synechococcus spp., in which light respiration is primarily associated with the Mehler reaction [Kana, 1992] . In Synechococcus cultures, light respiration can ex- In temperate coastal ecosystems, microbial respiration rates reach a maximum 1-2 weeks after the termination of the spring bloom [Blight et al., 1995] . The lag between peak primary productivity and the seasonal maximum in microheterotroph respiration has been attributed to the rate at which DOM becomes available to bacterioplankton [Azam et al., 1994; Blight et al., 1995] . Sherr and Sherr [1996] propose that the delay in primary production and microheterotroph respiration in temperate marine ecosystems may be regulated by temperature, seasonal changes in bacterial growth efficiencies, or seasonal changes in the availability of DOM to bacterioplankton. The rapid response of the microheterotroph community to a decline in phytoplankton biomass on the West Florida Shelf could reflect, in part, the relatively warm spring temperatures in this subtropical environment. As described above, there are also several sources of DOM in this region. If the coupling between autotrophic production and microheterotroph respiration is on the order of a few days at low latitudes, then subtropical and tropical environments might rapidly change from CO2 sinks to sources. The timescale for a transition from sink to source may be much shorter at low latitudes than in temperate and boreal waters [see Robinson and Williams, 1999] . We suggest that future studies on subtropical and tropical continental shelves examine the role of temperature and DOM availability as factors regulating the degree of coupling between community production and respiration in these environments.
